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52. (Replacement) A meflwd according to claims 33, 34, 36, 37, 42 or 43, wherein 
there are a plurality of said second substrates mounted to said first substrate. 



REMARKS 

Reconsideration is respectfully requested in view of any changes to the claims and the 
remarks herein. Please contact the undersigned to conduct a telephone interview in 
accordance with MPEP 713.01 to resolve any remaining requirements and/or issues 
prior to sending another Office Action. Relevant portions of MPEP 713.01 are included 
on the signature page of this amendment. 

Claims 25-52 have been rejected under 35 USC 112, second paragraph. The following 
is an exemplary list of responses to the Examiner's queries in paragraph 3 of the office 
action. Applicants' do not intent to be limited by this list since the claims read more 
broadly. Referring to Fig. 2 in regards to claim 29, 68 is for example the "first 
substrate" and 54 is for example the "second substrate". In regards to claim 42, 'The 
large substrate" is replaced with "the first substrate". In regards to claim 44, "a plurality 
of electrical connections 0 are represented by 72 in Fig. 2. In claims 43 and 44, "the 
second" has been changed to "the second substrate". In regard to claim 45, °a plurality 
of probe elements" are for example 46 in Fig. 2 and 120 in Fig. 10; "a space 
transforming substrate" has been changed to d a first substrate" having the exemplary 
meaning given above. A "second substrate" has the exemplary meaning given above. 
In the last line of claim 45, "at least one first substrate" is changed to "at least one 
second substrate" which, for example, is 60 in Fig. 2. °Means for effecting electrical 
interconnection" is, for example, 64 of Fig. 2. In claim 47, an example of a "tip 
structure" is a ball at the end of probe elements 120 in Fig. 10 as described in US 
Patent 5, 376,654 incorporated by reference in the specification on page 8. The word 
"are" has been added to claim 42 to positively claim "tip structure". 
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In regard to claim 52, a a plurality of second substrates' is explained in the remarks of 
the preliminary amendment which states "Support for the added claims is found 
throughout the specification, in particular in US Patent 5,371 ,654, col. 6, lines 39-57, 
which patent is incorporated by references as US Application Serial Number 
07/963,364 on page 8. Also, Fig. 3 shows an example of an embodiment where 
substrate 54 is electrically coupled to substrate 68 for example by interposer 76." A 
copy of US 5,371 ,654 is attached herewith. 

Claims 29-32, 35, 38-41, 44-46, and 50-51 have been rejected under 35 USC 102(b) as 
anticipated by Bove et al. (US 4,038,599). Applicants respectfully disagree and 
respectfully request withdrawal of this rejection. Claims 33, 34, 36, 37, 42, 43, 47-49 
and 52 have not been rejected over Bove et al. and have been written in independent 
form and should thus be patentable over Bove et al. 

Original claim 52. a multiple dependent claim, has been rewritten as the three 
independent claims 52, 53 and 54. The Examiner states °[i]t appears that the probe 
elements [19] are flexible". Applicants respectfully disagree. Bove et al. provides no 
description of "probes 19" other that to call "19" a probe. At Col. 5. lines 10-21, Bove et 
al. states *[t]he assembly of probes may be similar to, or patterned after the probe 
assembly disclosed ... in ... Bove US Patent No. 3, 806, 801. " ( which is entitled "Probe 
Contactor Having Buckling Beam Probes 6 , The American Heritage Dictionary Second 
College Edition, defines buckle to mean "to cause to bend, warp or crumple". US 
Patent 5,367,254 shows a picture of a buckled beam. See the copy of this patent 
enclosed herewith which shows a buckled beam 5 in the figure thereof. In 
contradistinction, independent claim 29 has been amended to recite "the flexible 
contact elements have an original shape; the flexible contact elements deflect away 
from the original shape when said flexible contacts contact the electronic components; 
the flexible contact elements substantially return to the original shape when the flexible 
contact elements are withdrawn from contacting the electronic component.", for which 
there is no teaching or suggestion in Bove et al. '599. Bove^et al. '500 teaches away 
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from amended claim 29 since it teaches "buckling beams" which bend, warp or 
crumple." A crumpled beam cannot "substantially return to its original shape". Figure 8 
of US Patent 3,808,801 shows graphically the relationship of force and deflection of an 
axially loaded probe as taught in Bove et al. '599. The buckling of this probe is 
described at Col. 1. lines 54-64 and Col. 6, lines 10-35 of US 3,806,801, in particular, 
Col. 6, lines 27-30 teaches. "The wire 16 of the probe 15 is designed in accordance 
with formute ... where F is an axial load on the end of the wire 16 which will cause 
buckling of the wire 16." 

Claim 49 has been amended recite free standing electrical conductors" and to recite 
"the plurality of the first substrates are mounted on to the second substrate" for which 
there is no teaching or suggestion in Luttmer. In view thereof, withdrawal of the 
rejection of claim 49 under 35 USC 103(a) as obvious in view of Luttmer is respectfully 
requested. 

Attached herewith are copies of the Forms PTO 1449 submitted by the Applicants and 
PTO 892 provided by the Examiner in US Application Serial No. 08/055,485 filed 
04-03-1 993, and the progeny thereof which are: 

1 . IBM Docket No.: YOR9-1 993-0028-US1 
Application Serial No.: 08/055,485 
Filing Date: April 30, 1993 
Granted: US Patent No. 5,635,846 on June 3, 1997 



2. IBM Docket No.: YOR9-1993-0028-US2 
Application Serial No.: 08/754,869 
Filing Date: November 22, 1996 

Granted: US Patent No. 5,821,763 on October 13, 1998 

3. IBM Docket No. : Y0R9-1 993-0028-US3 
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Application Serial No.: 09/088.394 
Filing Date: June 1. 1998 

4. IBM Docket No.: YOR9-1993-0028-US4 
Application Serial No.: 09/382,834 
Filing Date: August 25. 1999 

5. IBM Docket No.: YOR9-1993-0028-US5 
Application Serial No.: 08/872,519 
Filing Date: June 11, 1997 



Enclosed is a PTO 1 449 and PTO 892 listing all these reference. 

in view of the changes to the claims and the remarks herein, the Examiner is 
respectfully requested to reconsider the above-identified application. If the Exammer 
wishes to discuss the application further, or if additional information would be requ.red. 
the undersigned will cooperate fully to assist in the prosecution of this applicat.cn. 

Please charge any fee necessary to enter this paper and any previous paper to deposit 
account 09-0468. 

If the above-identified Examiner's Action is a final Action, and * the above-identified 
application will be abandoned without further action by applicants, applicants file a 
Notice of Appeal to the Board of Appeals and Interferences appealing the final rejects 
of the claims in the above-identffied Examiner's Action. Please charge depos,t account 
09-0468 any fee necessary to enter such Notice of Appeal. 
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In the event that this amendment does not result in allowance of all such claims, th 
undersigned attorney respectfully requests a telephone interview at the Examiner's 
earliest convenience. 

MPEP 713.01 states in part as follows: 

Where the response to a first complete action includes a request for an 
interview or a telephone consultation to be, initiated by the examiner, ... 
the examiner, as soon as he or she has considered the effect of the 



response, should grant such request if it appears that the interview or 
consultation would result in expediting the case to a final action. 



IBM Corporation 

Intellectual Property Law Dept. 

P. O. Box 218 

Yorktown Heights, New York 10598 
Telephone No.: (914) 945-3217 



Respectfully submitted, 




Dr. DanidfP. ffloi 
Reg. No. 32,053 
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0^ 5,371,654 

5 6 
The electrical taterooimectna sens 49 U formed to using an daseoatenc matrix has rirgrable properties 
oocopy the space between the chips as shown in FIGS. such as lower resistance, low contact force, wipe, and 
1-4. The structure of FIG. 1 is compressed from the top low inductance which makes it particularly desirable in 
and boctam of the wuomt o uuupi t u the ejectncal this a ppScatiflTL The decrjical iatei'oauuecdcn means 
toterccaii ccrjon means 46 between the adjacent asem- 5 49 can be fabricated to be approximately 1 mfilrmrter 
bfi*f pressing electncal contact ly— »"»f 30 on mb- thick with 10 percent compHasce. 
strate 8 in contact with electrical contact locations SO The substrates 8 are made with conducting vias. Top 
an electrical interconnection means 49 and pressing and bottom surface pads are applied by standard tech- 
gmttfft w^fTO **«**"g»3 rnTgregwme& niques such as evaporation of metals through a metal 
rion means 49 in contact with fltrqr-** contact leca- 10 mask as described is Tiemmala et al. chapter 9 above, 
nous 18 on the surface of the thin film wiring layer 12. The dectronic devices 36 and 58 are joined to each thin 
Thus, a signal from any one chip will travel in the thin film wiring layer after the electronic devices are tested 
film wiring layer and vertically through the electrical and burned in. The electrical inter connection means 49 
interconnection wiring means 49 to any thin film wiring are fabricated separately and tested- Finally, the stack of 
pt«w» m the stack of substrates 8 and thus along the 15 with electronic devices mounted onto the 

shortest path to any drip in the entire a unt i me 2. If a substrates with the electrical inter connec tion means 49 
single plane contained 25 chtps, for "rrpj^ as shown disposed thereon are aligned and a compressive force is 
in FIG- 3. r *rh 1 centimeter square, Chen the applied to make the mterco nn e c riotts. The force is pref- 
electrical taereozmecticn means 46 would occupy the 1 erahry from 10 to 50 grams per contact or from 70 to 
centimeter space between each g^p With this design 20 300 kilograms for the entire package. The connection is 
print the vias m the substrates 8 and the connections in separable. 

the electrical tnterconsectton means 49 could be made FIGS. 5-21 show the method for fabricating electri- 
on a 36 mil squart pid with 20 mil wide pads 18 on the cal hxtercormrrtioTi means 49 of FIG. 1 and show van- 
substrata 8. There would be approximately 6,694 verti- cms embodiments and fabrication Trrrmiqnrr of this 
cal ffr™l connections possible an one plane. The grid 23 electrical int er c o n n ection means, 
could be reduced by a factor of approximately 2 if re- FIG. S thaws electrical fatejcomiestion means 80 
quired and 26,000 vertical exsnnections could be made. which corresponds to rirrtriral mtercoiinection means 

Tht overall high p erforma nce package can consist of 49 of FIG. L The electrical iiiterconnecoon means 80 is 
as many ir™ u ""f plates populated by chips as re* fanned from an elastomeric material 82 having a plural- 
quired. The heat would be conducted to the edges of JO iry of electrical conductors 84 extending from side 86 co 
the high thermal conductivity substrates 8 where it tide 88 thereof. Each conductor 84 preferably has a 
would be carried away by air or water cooled or the generally spherical end 90 at side 86 and a flattened 
like heat sinks as appropriate and commonly known in spherical shape 92 at side 88. The conductors 84 arc 
thaaxt preferably gold, gold alloy or copper alloy. The size, 

The substrates are preferably made of a high tner- 35 shape and the spacing of wires 84 akmg with the mate- 
mally conductive msulating material made of commer- rial properties of the elastomeric material 82 can be 
cul rfi»mnnd (manufactured for example by NORTON modified to optimize the coxmcctor for a specific apph- 
Ioe. and Diamancx Inc.) which can be laser drilled to canon. 

form vias and tp—™™* for through hole connections FIG- 6 shows substrate 94 and 96 pressed towards 
using standard processing such as the process used on 40 each other as indicated by arrows 98 and 100 wiih inter- 
diamond heal spreaders for diode lasers. The very high poser 80 therebetween. The elastomer 82 acts as a 
thermal conductivity of diamond (1500 W/m' K-) spring to push the enlarged end contact surfaces 90 and 
makes it the most desirable material in this structure and 92 against mating contacts 104 and 106 on substrates 9* 
would allow the cooling of more than 100 watts per and 96 respectively. Surface 102 of substrate 94 has 
plane. Other materials are useful. A lower cost aherna- « contact locations 104 which are typically rnetalbzed 
bvewoold be AnN ceramic with co-sintered solid vias, pad. Substrate 96 has contact locations which arc 
which are commercially available or siheen wafers also typically metallized pads. When substrate 94 is 
which can contain laser drilled boles or chemically pressed towards substrate 96 the ends 90 and 92 move 
etched through vias. The thin film wiring layer 12 and laterally with respect to the contact surface because 
24 preferably contains copper wiring in a pcJyumde 50 conductors 84 are at a nocorthogonal angle with re- 
dielectric and can be fabricated by standard sequential spect thereto. This lateral movement results m a wiping 
thm fibs processes directly onto substrate 8 as described action which breaks a surface oxide which is on the 
m R. Tummala and E. Rymasizewski. Microetectric surface of the contact loc at ions 104 and 106 and which 
Packaging Handbook, Van Nostrand. Rienhold, N.Y., is an the surface of the enlarged ends 90 and 92. The 
1989 Chapter 9, the teaching of which is uKcrporated 55 wiping action makes a good electrical contact between 
herein by ref ereuce. The thin film wiring structure cms the enlarged surface 90 and 92 and the contact legations 
be fabricated separately by the serial/parallel thin film 104 and 106, respectively. 

wiring process and joined to the substrates 8 as de- The advantages and unique features erf the electrical 
scribed In U.S. patent application Ser. No. 07/695,368, interconnection means SO axe that it provides mifiarm 
filed May 3, 1991, the tearJiir^ of which is in^ 60 srocing of the electrical conductors 84 and the dasto- 

herein by reference. In the serial/parallel processes the mer material on, lor example, a 0.008 inch minimum 
thin film wiring structures are fabricated on separate pitch using a single wire per coKact. Tba enlarged ball 
carriers then transferred and to the insulated shaped contacts 90 protrude from top side 86 of inter- 

plates preferably by thermal compression bonding. The coiiaection means 80 and the enlarged, flattened 
elccoical mtcrcomicction means 49 preferably contains 65 contacts 92 are generally flush with the bottom surface 
gold wires held at a slight angle in an elastomeric ma- 88 of mtercc^nection means 80. Textured or raised 
txix. Other embodiments of large area array coaacctors contact surface can be formed on the bottom side of the 
can also work. The electrical mterconnecrion means 49 contact 92 to enhflnr* the contact interface to an electn- 
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cal contact locatta on stmstraie 9& The wires $4 in the and regions 138 nrwitaJnfag clustered contacts wherein 

dastameT material 82 can be grouped mto small dusters each region it sononnded by grooves 140. 

to provide redundant c o nnections Car each contact ioca- FIG. 9 shows an *H gr*m»nt frame 142 which is 

tfanlMor 101 Ifclnitertd^wrestTeosed, wires fSm adapted for ^ gm ^ m ^i r with the groove on the inter- 
toercomcct structure 80 of FIG. 6 would be efimi- 5 poser IMofnO- lOtoaBgnsnbstramco^ 

Mttd. to mterposer ccctact locate 

FTO- 7 shows a cross section of another mbodhnent alignment trust 142 engages groove 146 of stnicture 

110 corresponding to the electrical inte r caau eui io n 194 of FIG. 10 and bar 148 of frame 142 engages groove 

means 49 ofFIO.LStroctnreUO ha* electro 150 of atrectnre 134 of FIG- la The teas b disposed 
ton 1U which are clustered into groups 114, Between 10 en a substrate having contact locations to which inter- 

each group there arc grooves 116. The rUrtrnnrr mate- poser contact locations are to be aliased, 

rial 118 is preferably a sfficonc ejaitrworr and there are a« ovmn ■Hgww»««t m**mm i+ | t~ ftfrrtratr 

batl shaped contacts 120 an side 123 and 0« contact 124 the structure of FIG. 1. Each of lite dbeomtectable 

oonde 126 having a raised surface 128. The top and dements of the module preferably have a of 
bottom wire shapes can be varied for opthnizstion. The 15 alignment to the other H^rr^nti m the module. A sepa- 

ah gnmmt grooves 116* of structure 110 can be formed rate »Hg™nmT frame could be **Tr?hH to r*rh sub- 

using a laser, electron beam or other sensing techniques stratc similar to the one used for the mterpossr. 

as described is US. Pat Mo. <99M«5, to Beaman, the FIGS. 11-19 show a f* M^*^p method for the 

teaching of which b incorporated herein by reference. ELASTICON uiter p usea described WHn 

Alignment features 116 can be molded into the elasto- 20 The fabrication p r oce ss starts with a sacrificial sub- 

mer material to allow acctn^ alignment of thecooduc- strate 160, which b preferably copper, copper/Invar A 

tors 112 in the structure 110 with contact lomrinm 104 copper or coppcr/molybdenium copper. Materials 

and 106 on surfcees 102 and 105, respectively, as shown other than eopr^r can *t*A mch m* a hmriim™ hard 

m FIG. 6. An alignment mrr.hinhm is preferred to plastic or sted. The substrata 160 can be fabri cate d to 
enhance accurate posidonmg of the interposer wires 25 have protuberasces 162 widen provide the grooves 116 

with the con t a cts on the adjacent substrates. The in the ELASTICON intcipusen. of FIG. 7. The protn- 

csoMed alignment featur es can also be used to control ^ruim 162 can be formed using various fabrication 

the shrinkage and distortion of the comart grid m the i^ni^nf ^j^tng w>trM^| m th» fnrftr^ 104 "f 

+u***y*~, ~***+*4m] M+*Wmmi«»ny ~f ThfrmsTry fr" t vrfd ^^TTrrng ******* Knr f^r?f 1*4, Afrr Thf snHmt* hr* *rm 
stress in the clastrwner material can cause the mterposer 30 formed with the protnberasccs, the top surface 164 is 

or distort causing alignment problems with the mating sputtered or plated with soft gold or Ni/Au to provide 

contacts. a suitable surface for rhermoaomc ball bonding. Other 

The electrical mtexcoimeerian means shown in FIGS. bonding techniques can be used such as thermal com* 

5, 7 and 8 and electrical mtercc^mecdos means 49 of prescon banding, nhrnsante beaming, laser bending end 
FIG. 1 win also be referred to herein as an ELASTI- 35 the tike. A commonly used automatic wire bonder is 

CON lul cipo set . The ELASTICON mterposer b de- modified to baD bond gold, gold alloy, copper, copper 

signed to provide signal and power connections from alloy, amnunmn, nickel or palladium wires 166 to the 

the bottom surlace of a substrate to another snfrnrara substrate surface 164 as shown m FIG. 1L The wire 

The ELASTICON interposer can be fabricated to have preferably has a tK*™***T of 0.001 to 0-003 iir^ If a 
a full array, of conductors or a clustered array of eon- 40 metal other than An is used, a tfam passivation metal 

ductors. The inter poser connector that uses a full array such as An. Cr, Co, Ni or Pd can be coated over the 

of conductors (or wires) would typically not require wire by means of electroplating, or elecsroless plating, 

alignment of the connrfftor to the contact locations on sputtering, e-beam evaporation or any other coaxing 

the Bobsrratff between which is diiposnri By using das- techniques known in the industry. Structure 168 of 

ten of wires, overall fewer wires are used to fabricate 45 FIG. 11 is the baD ^^rj^ig head whieh has a wire 170 

the interposer. This is useful for reducing the cost of the being fed from a reservoir of wire as id a conventional 

connector and the pressure rtquirffd to ensure full en- wire bonding apparatus. FIG. 11 shows the ball bond 

gagement of the contacts. Interposer contacts that use a head 168 m contact at location 169 with surface 164 of 

clustered array of wires preferably have a means for substrate 16a 

ahgmng the wire clusters with the remaining said SO FIG. 12 shows the baB bonding head 168 withdrawn 
contacts. An interposer having a cluster set of wires in the direction frrfir*t»H by arrow 171 from the surface 
m^mir^ the number of wires required daring the 164 and the wire 170 drawn out to leave disposed on the 
mterposer fabrication and mhanens the compliance of surface 164 wire 166. In the preferred en^odxment, the 
the connector assembly. The molded or scribed grooves bend head 168 is stationary and the substrate 160 is 
or other features in the elastomer material can be used 55 advanced as iirf by arrow 16L The bond wire is 
to aUow the mterposer coantrrnr to self align with positioned at an angle preferably between 5* to 60* from 
shmlar features on the substrates between which it is vertical and then mechanically sev er ed by knife edge 
disposed as shown in FIG. 8. FIG. 8 shows mterpto 172 as shown in FIG. 13. The knife edge 172 is actuated. 
119 disposed on substrate 121. Interposer 119 has the wire 170 b r**«*f<~* and the bond need 168 is raised 
grooves 123 which mate with pi o j ec ti o us 12S on sob- 60 When the wire 170 b severed mere b left on the surface 
strate 121 which aligns substrate pads 127 to interposer lMrfsnbstrateiaaOyinglesd 166 which b bonded to 
flfltrfsr* loc a tions 129. These affgnrnrtit features can be surface 164 at one end and die other end projects out- 
designed using a variety of simple geometric shapes wardly away from the surface. A ball can be formed on 
such as circular pc^ rectangular ridges, or a raised ^ the end of thewire 166 which b cot bonded to surface 
pattern. FIG. 10 shows a per s p ec ti ve view of an BLAS- 65 164 using a User or electrical discharge to melt the end 
TICON interposer useful as the electrical intercaxmec- of the wire. Techniques for tab are 'PTmiynrfy known 
tion means 49 of FIG. 1- The ELASTICON interposer in the art A split beam laser dclrvcry systems, drsrribcd 
134 of FIG- 10 has a plurality of alignment grooves 136 herembekrw, b used to localize the laser energy to a 
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The electrical intercoriDrrririn means 49 U fonped io using an rt i iro i ncric matrix: has d esirab l e yioper ria 
occupy the spice between the chip* as shown in FIGS. such as lower resistance, low contact force, wipe, and 
Tbc urnuture of FIO. 1 is oomprfttrd from the top * tow fadnfltm* which makes it pmk.uhgjy desirable id 
tad bottom of dbe ttroctor* m aomprw the dectrical this applka t inn The dcctrlcal Inic fe ona ecdoa meets 
iflte r coaitf ction means 46 between the adjacent tgqp- 5 49 on be fabricated to be appTorimaTrly I mflUmetCT 
bfas pr» * f h t g deetriral egpttet frK V" 1 ** 30 on sub- * hM r with 10 perce n t campHance- 
ante 8 in contact with electrical contact locations 50 The substr&tes 8 are made with conducting vias. Top 
an electrical interconnection means 49 and pressing tnd bottom surface pads are applied by standard tech* 
electrical contact locations 54 on electrical in te rc onn c c * niqnes snch as evaporation of metals through a metal 
tics means 49 is cnrvttrr with electrical mnran loo io mask as dar rfbrd fa Ttsmmaln et at. chapter 9 above, 
tions 18 on the surface of the thtti ft*™ wiring layer 12. The electronic devices 36 and 58 are Joined to each thin 
Thus, a signal from any one chip wul travd m the thm fiha wiring layer after tba electronic device* ate tested 
film wiring layer and vertically through the elect rica l ««d bnmed in. The electrical iritBrroT> >, ^ r t lon n i**"* 49 
tntercounecpon wiring means 49 to any thin fihn wiring are fabricated separately and tested. FmaHy, the stack of 
plane to the stack of substrates 8 and thus along the 15 s aemhBrs with electronic devices mounted onto the 
shortest path to any chip to the entire stntemre 2. If a substrates with the electrical mt a r conn cction means 49 
single pl*n« 25 chips, for t* tt t u as shown di T T"*** thereon are aligned and a compressive force Is 

in FIG. 3, ft?h being 1 * » n i » iw»r square, f h* n me applied to make the totcrcomteericms The force is pref- 
dectrical lnieic^iuectom means 46 would occupy the 1 erahry from 10 to 50 grams per contact or from 70 to 
centimeter space between each chip With this design 20 300 kilograms for the entire package. The connection is 
pHnf *hft "itt in tht> tTifrsTrsrst 8 t fa ff cremw rti o ut in t r pa rable. 

the riyrm'g*! Uiiei c cuiieuc on means 49 could be made FIGS. 5-21 show the method for fabricating eteetri* 
ona36niil8a^ar*grid with20mfl widfepaAtSonfo oal intercminectkm means 49 of FIO. 1 and show van- 
t^t tti t* & There wonld be approximatdy 6,694 v«rtS> ons embodimen t s and fabrication techniques of this 
eal signal connections possible on one plane. The grid 23 electrical mtar c nnnecrkm means, 
ccmld be reduced by a factor of approximately 2 if re- FIO. 5 shows electrical uiterccamcetion means 80 
quired and 26*000 vertical connections could be made- which corresponds to olrrtric a l intcrooiinacrion means 

The overall high pe rfor m a nce package can consist of 49 of FIG. L The electrical iut Bco n nectkm means 80 is 
as many s™«"***">g plates populated by chips as re* formed from an dastomeric material 82 having a plural* 
quired. The heat would be ctmdncted to the edges of 10 try of electrfed conductor* 84 extending fr^ 
the high thermal conductivity substrates 8 where it side 88 thereof. Each conductor 84 preferably has a 
would be carried away by air or water cooled or the generally spberied end 90 ai side 86 and a flattened 
like heat stoics as appropriate and commonly known in sphcricd shape 92 at side 88. The conductors 84 arc 
the art. preferably gold, gold alloy or copper alloy. The size. 

Toe substrates are preferably made of a high ther- IS shape and the spacing of wires 84 along with the mate- 
rnally conductive insulating material made of cemmer- rial properties of the dastomeric material 82 can be 
«.i dttmcind {«~«i^*t™ »H far Tmwpta hy NORTON modified to optimize the connector for a specific apph- 
Iac and Diasoncx lax.) which can be laser drilled to cation. 

form vias and for through hole connections FIO. 6 shows substrate 94 and 96 pressed towards 

using standard processing such as the process used on 40 each other as indicated by arrows 98 and 100 with mter- 
Ai*™anA heat spreaders for diode lasers. The very high poser 80 therebetween. The elastomer 82 acts is a 
thermal conductivity of diamond (1500 W/m' K.) spring to push the enlarged end coirtacts^ 
wwVjjg {{ the most desirable material in this structure and 92 against mating contacts 104 and 106 on substrates 94 
would allow the cooling of more than 100 watts per and 96 respectively. Surface 102 of substrate 94 has 
plane. Other materials are useful. A lower cost aheraa- 43 contact locations 104 which are typically metailited 
rive would be Aj^ ceramic with co^suitered soM vlas, pad. Substrate 96 has contact locations 106 wmch arc 
which are coounerdally available or silicon wafers also typically t n nsTHrwl pads. When substrate 94 is 
which can laser drilled holes or chcuucaUy pressed towards substrate 96 the ends 90 and 9 2 mov e 

etched rhrouA vias. The thin film wiring layer 12 and laterally with respect to the contact surface because 
24 preferably contains copper wiring in a pelymude SO conducton 84 are at a ncnorthogond angle with re- 
dielectric and can be fabricated by standard sequential speet thereto. This lateral movement results in a wiping 
thin film processes directly c*to substrate 8 w described actum which breaks a surface onde wmch is on the 
in R. Tummala and E. Rymasixewski Microelectric surface of the contact locations 104 and Wand which 
Packaging 1*"***"*. Van Nostrand* Rienhold, N.Y„ is on the surface of the enlarged ends 90 and 92. The 
1989 Chapter 9, the teaching of which Is mcerporatcd S3 wiping action makes a good dectiied contact between 
herein by ref erence. The this fihn wiring structure can the anlarged surface 90 end 92 airi the co 
be h^ricated separately by the serial/partlld thm film 104 and 106, rcspectivdy. 

wiring process and joined to the substrates 8 as de~ The advantages snd unique features of the electrical 
scribed to VJS. patent application Ser. No. 07/695,368, interconnection means 80 axe mat it provides mufbrm 
filed May 3, 1991, the teaching of which is iac^ 60 spacing of the electrical conductors 84 and the dasto- 

hereto by reference. In the serial/paralld processes the mer material on, for example, a 0.008 inch minimum 
thin film wiring structures are fabricated on separate pitch using a single wire per contact. The enlarged ball 
carriers then transferred and to the insulated shaped contacts 90 protrude from top side 86 ofmtc r- 

plates preferably by thermal compression v™»Kng. The connection means 80 and the enlarged, fl a nni fffl 
dectrical mtcrccuncction means 49 preferably contains 63 contacts 92 are generally flush with the bottom surface 
gold wires >rM at a alight angle in an dastomeric ma- 88 of mterconnecdon means 80. Textured or raised 
tri*. Other embodiments of large area array connectors ccaiact surface can be formed on the bottom side of the 
can also work. The electrical mtercxmnectbn means 49 contact 92 co enhance the contact mterfacetoan ekctri- 
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c dcogt »ctW *Tirm on suastrstfe 96. The wires 84 in the and regions 128 opntafnfr. g ckmered contacts wherein 
clagnmrr material 12 on be grouped into small clusters cart) region b surrounded by grooves 140. 
to provide lalmuUmco nnrctf ens for each contact loo- FIG. 9 shows in •W jww^t* frame 143 which b 
Jk*V*orlKUcbatat&*m*ztQxa.wba95hi adapted for engagement with the grooves on Ac later. 
toococDoct nmaorc 80 of FIG. 6 would be efind- $ poser 136 ofTIQ. 10 to aTiy, mn^ w.y^ 

a ™l J .. (t to inte rposei contact locations For example, btx 144 in 

FIQ.7shows a cross section of taochex embodiment alignment frame 142 engages groove 146 of structure 
110 corresponding to the electrical interconnection 134 of FIG- 10 end bar ltt c* frame 142 engages groove 
menattcrfnG.LStnictin^ 150 of structure 154 af FIG- 10. The frame b disposed 

ton 113 wh ich ire clustered into grasps 114, Between to cm a substrate having contact locations to which inter- 
each gioup there arc grooves 116, The rlanourr mate- poser contact W f T t m i are to be *]igrw*t 
rial 111 is preferably a saScoae elastomer and there are An ovmn aH gnwumt i^iwh. *« p- f t i l r \ ^ ^Vrr^r 
baD shaped contacts 120 on aide 122 and flax contact 124 the rtructure of FIG. L Each of the c&eomiectsble 
oa side 126 having a raised surface 128. The top and elements of the module preferably have a means of 
bottom wire shapes can be varied for opthniianoa. The 15 alignment to the other ^Vm^n m ^ nodule, x sepa- 
a tigrmynt grooves 116 of structure 110 can be formed rate •Wg^nftrt fame could be attached to each sub- 
usmg a laser* electron beam or other sensing ***ftniqttrt stratc similar to the one used for the interposer. 
as described in VS. Pat. No, 4>99M85. to Beaman, the FIGS. 11-19 show a fabrication method for the 
teaching of which is j p ro r p ofiTrd herein by r e f erence. ELASTICON interposer* described herein. 

Aligmnrnt features 116 can be moldnrt into the dasto- 20 The ftbriearfmi jtmr»«« «m» * **^fi * ii l n 1 ^ 
rner material to allow accurate alxguncntcf thecosdao- stxate 160, whkh is preferably copper, copper/Invar/- 
tors 112 m the structure U0 whh contact locations 104 copper or copper/molybdenrom copper. Materials 
and 106 oa surfaces 102 and 105, respectively, as shown ether Am eappr am fr. wf^j f^fr rt har d 
ia FIG. 6. An tHgnrncm mnrninlim is preferred to plastic or steeL The substrate 160 can be fabricated to 
enhance accwate p e alriimUi g of the mterposer wires 25 have promb eranc es 162 which provide the arooves 116 
with the contacts on the adjacent substrates. The in the ELASTICON mterposers of FIG. 7. The proto- 
mftM cr l afignmrm features can also be used to control beranoca 162 can be formed using various fabrication 
the shrmkage and disaarnon of the contact grid in the i»rfi«Lp~ hw»hw<tt« g -*****fir*g ~r tu*. «n ^ 

f littm i ifir material Mecharricalty or thermally induced susping of the surface 164. After me cabstrate has been 
stress in the elastomer material can cause me mterposer 30 formed with the protuberance*, the top surface 164 is 
or distort causing alignment problems with the mating sputtered or plated with soft gold or Ni/Aii to provide 
contacts. a suitable snrfeoc for thermos^ 

The electrical mtercormgrrinri means shown in FIGS- bonding techniques can be n**- 4 such as *>»«™**i com- 
5, 7 and 8 "and electrical mterrnrmnedon means 49 of p"****"* SrmHtn^ nHr—rm^ Hmvfttwg i«w Hrwwf^ f- 
FIG. 1 win also be referred to herein as an ELASTI- 35 the hkc A commonly used automatic wire bonder b 
CON mterposer. The ELASTICON mterposer b do- modified to baD bond gold, gold alloy, copper, copper 
signed to provide signal and power c onn e ct ions from alloy, aluminum, nlcfrft 1 or pall til far* wires 166 to the 
the bottom surface of a substrata to another snbstrtre substrate surface 164 as shown m FIG. U. The wire 
The ELASTICON mterposer can be fabricated to have preferably has a dtajirrtrr of OOP 1 to 0.005 inches. If a 
a mil array of conductors or a clustered array of con- 40 metal other than An b nsed, * tmn passivation metal 
doctors. The interposer connector that nse» a fall array such as An, Cr, Go, Ni or Pd can be coated over the 
of conductors (or wires} would typseaUy not require wire by means of electroplating, or electroless plating, 
alignment of the connector to the contact locations on s punrri ng, e-beam evaporation or any other coating 
die subst r a t e between which b dfipovrt By using clos* techniques known in the industry. Suructore 168 of 
texs of wires, overall fewer wires are used to fabricate 45 FIG. 11 b the ball bonding head which has a wire 170 
the interposer. This is useful for reducing the cost of the being fed from a reservoir of wire as id ■ cxm vcntional 
connector and the pressure required to ensure full en- wire bending apparatus. FIG. 11 shows the baD bond 
gagement of the contacts. Interposer c on t s ct s that use a head 168 m contact at location 169 with surface 164 of 
clustered array of wires preferably have a means for substrate 160. 

'lig rf^g die wire clusters with the remaining said 50 FIG. 12 shows the baD hta tfl 168 withdrawn 

c ontorts An interposer having a cluster set of wires in the direction mttiratwl by arrow 171 from the surface 
mmrmirri the number of wires required during the 164 and the wire 170 drawn out to leave disposed on the 
mterposer fabrication and mhanrrt the compliance of surftce 164 wire 166. In the r^eferred embodiment, the 
the connector assembly. The molded or scribed grooves bond head 168 b stationary and the substrate 160 is 
or other features m the elastomer material can be nsed 55 advanced as inriirarrrt by arrow 161. The bond wire b 
to allow the interposer c o nn ect o r to self ahgn with positioned at an angle preferably between 5" to 60* from 
amnlar features on the substrates bet wom which it is vertical and then mecbasncaDy severed by knife edge 
disposed as shown in FIG. 8. FIG. 8 shows mterpfser 172 as shown in FIG. 13, The knife edge 172 is actuated. 
119 disponed oa snhstrate 121. inrerposcr 119 has the wire 170 b H*mr~ < and the bond Dead 168 b raised, 
grooves 123 whkh mate with projections 125 on sub- 60 When the wire 170 b severed there b left on the surface 
strate 121 which ahg&s substrate pads 127 to mterposer 164 of substrate 16D a flvmgleri 
contact W i rions 129. These aligrtmrnt features can be surface 164 at one end and the other end projects out- 
designed using a variety of simple geometric shapes wardly away from the surface. A ball can be formed on 
such as circular post, rectangular ridges, or a raised grid the end of the wire 166 which b not beaded to surface 
pattern. FIG. 10 shows a perspective view of an ELAS- 65 164 using a laser or electrical discharge to melt the end 
TTOOK interposer useful as the electrical mterconnec- of the wire. Techniques for this arc cosinionly known 
oon means 49 of FIG. 1. The ELASTICON mterposer in the art A split beam laser delivery systems, described 
134 of FIG. 10 has a plurality of alignment grooves 136 hexeinbelow, b used to the laser energy to a 
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^,u^torfoniriM the talLThhmininias the User wt % or more dipherrybtobane (FIG. 1). Further, en- 

HG Uriiwo^wirt^ severed to leave wtre 166" pasture. below 300* C. by fott u*mg 
di^ an^Tl^^bsaxt, 160. Th. wire bead ^"^to^^^^f^^S; 

aafastteihearbbde to sever the wire. mil t^fengtte i^f**^. *^S V X^ 

TO-lSib^ftatttewirebse^ltebowlB-d teased ,v»CT «ssod M ed »^ 

fa ^»,<^8^poshtan.AaeleeiroaicitaM incorporation. The optimum mmte avcr«^m<decuUr 

g^Srt of Ks^Bcader, Modec HMMO) weight of to rc*. ^ «™ 
eStSe t l(Xd beJow to baud had «d » « <^**^J**^%?jtt£ZZ 

SeSdnS^todectwdebiBedtoinelt mntoeaUr wagta ^f"2SLSito ^ 

, . . ' ^ . k*ii cool once fined, to process. Network formiaon wis 

.part^opper. where .thin ta ^d^S?C-Sl-^ 
» .olid ^bsrxa- with a r^.."^^^ 40 nW mtoTcCrZlnold wT^wbleh the Ucpid 
After the fabrication is completed, the cormnrrm cm Be «o PJ""™™* ~7~""L«i v_x_ A,—, s. dimosed aod 
from the «^ra^ before the re- £^^*^^£££SSSto? 
i^Tring thin copper b flash etched away, cured. fa no 21. 

m^^tr^^^ 7X5 ^^th.^^isenredandthesub^te 

a: lower temperature " Ateto^rfkee of <he copper sacri&Ul totente 

plete core it higher temperamre (TS«r). To forther .^J^l3^ 1 Zj lcfisf d^ I to sold phSngend 

Ltrol the £Z w^bo^^P^^teSofris^tact 

frame, which was predrilled with holes a"*"" 1 <f P 6 " rfthe ball bonds. The completed 

npbery.Whentheela^i.poured^^mca saAccon ^^nXSim «otfM by 

e^ijgritantryeito^byto e^ e«o»«tog to eo»e«or. 
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^^^^r^^S Jtz£zt^£^^ * ****** 

dep& of tto groove m j*****^^*?* ' ^SmwW b«vtog tot md second ago* 
pose- 100 mD» itot T^c S™^¥= 3^^^B«tD«ld»aai «W0»g 

Sw« teebntatts to ereue the derired geomsy 1 ^ IBlle ^ofctoj»l.«t^»«el««a«eto« 
vodd tho wo* well. ....^ .. —ft— «« of b« «iocmc»l imawnrntclioo means a formed from 

naBwWAsbw.l^t^^S^^" 4. T^«™*« of diimS. wherein uldreglonj ire 

wSen is reflected «» ligtx ^^V*™"*^ i^etfiTjctOTOf cliim l,fnrlheiteditdmg i mans 
Ugtebem^bdir^th^Bj^betti^te J-J^^X^rf ««ibte together «o that 

ban, 310 is directed to bam tptaerJU «pUt* ^^"TU^, ^arfjlks. 

310 into beams 314 ad M& "» ■ «? u ^m^^ToI cUto 1, farther ixxdudias . be* 



STwMeb based onto spot 3» on *» *Jrf^BmSiBai«nMlconliet^«^«™s«» 
SL^«-of.^>»M*»P^^^ , cfS£ U wh«i» aid substrate * 

toeusins lent 33* to **»£^&£l£ * J^gZZ group 

tboa^ontoapoiMonthejMirij*^^ itrite.»d»»ecj«mkiabjti»t^»oi«me^ Wbttria, » 

eo-oer Uyer « described wuh nfecaee wWO-li- "^yT^,, Unucnnnrrtinii men** nd 
Sf^eW copper l«er «n b. - * b. etocd-1 

•rrav of pit. in the surface in dw regions «» I^T^iaM otarilfcy of «lec*rieal 
^Kbo^.T t «pi»c M h»v e .te«mp^ ^^^.^f cUixn 10. wherein s»d pluralrty 
Hi^cttea ttape. reeOMgular shape. IP**""** tf^-SoJcoaSa locations ire in etarieal «wmm- 

^ZT „ri the wire u bonded m the region ° f ™ P^ v _ " ^~7„,^ gBt \aemblies. „ 
SSnb»^tnebi»ia«ofm»utaw^tite "^iS'^^rietabn 1. wherein etch of aid 
££^0, flattened )^ pi^cf^eS ccnd^h^enl^er^: 

vide. a projects region ■"X'^^ SS^s^seecndcwo^sorfke-ef «»d dec- 

^r^e rt *W^thede P ^£ro=>the«pim35 J^^J^ .nd second opposta8J»- 



« « i- . mU ium nDBDEB> 



ssar^SSSS? asssssssssssst 

to oi of «d fat «d ««^«»^^^ 2. TofS electric*! tatercarmecuon tnans. a>d en- 
cert note rtt^iiaM^"" 0 ^"^ 17 Th. stroctore comprising: 

^o^^^^^ r^^~nb» 
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an electrical mtercomrrrtioD means; 

said first assembly is disposed adjacent said second 
assembly so that a first surface ef said first assembly 
b adjacent a second surrac* of said second assem- 
bly. . 3 

~yr^ of said first and second nwnnhtif* comprises: 
a substrate caving first and second opposing faces; 
a substrate rrnTaim electrical conductors; 
said first surface and said second surface have a 
pturarfay of electrical romarr locations oTsp c wnrt 10 
thereon; 

a plurality of electronic devices rtnpovd on said 

first surfa c e; 
said electrical iniercormectiou means comprises: 

a layer of elastomcric material having first and 15 

second opposing surfaces; 
said layer has a plurality of apertures extendin g 

from said first surface to said second surface of 

said layer; 

a plurality of electrical contact locations on a first 20 
tide and a second side of said layer electrically 
inierconnected by a plurality of conductors ex- 
t ^ itfi g ([am said first surface to said second 

surface of said layer; 

said electrical mterconnectkm means ts disposed on 23 
said first side of said first substrate so that said 
electronic devices on said first surface of said first 
substrate are disposed in said apeTintes in said elec- 
trical ir^ercc^mection means; 
said electrical contact locations on said second side of 30 
said layer of said electrical mtercoimecuon means 
are electrically mterconnected with electrical 
contact locations on said first side of said substrate 
of said first assembly; 
said electrical contact lomtimn on said first side or 35 
said layer of said electrical mtercormection means 
are electrically mtercctmected with electrical 



contact locations* on said second side of said sub- 
strate of said second assembly. 
IS. The structure of 17, wherein said substrate 
b formed from a material selected trom the group ccn- 
nsting of dtarnoad end dlimrmdVlite materials. 

19. The structure of claim 18, further i nc l ud ing a 
PP^n* for pressing said first and said second assembly 
together to press said electrical interconnection moans 

2q The structure of claim 19, further tnH n r r m g a heat 
dissipation ****** in thermal contact with said structure. 

It The structure of claim 20, wherein said beat dissi- 
patios means ts in thermal contact with said substrate of 
said first and said second assembly. 
22. A structure comprising? 
a substrate having a plurahry of contact locations 
thereon? 

an electrical taercoimection means; 
said electrical mteroormection means comprises a 



dielectric material having first and second oppos- 
ing surfaces and a plurality of electrk^ conductors 
extending from said first to said second opposing 
surfaces of said dectrical mtcro ot a v icr f on means; 
each of said plurality of electrical conductors has a 

first end at said first surface; 
each of said first ends of said plurality of conductors 

jas a protuberance with a flattened tortbee; 
said flattened surface is m electrical contact with at 
l^tt one of said plurality of contact locations. 

23. The structure according to claim 22, wherein said 
flattened surface has a projection thereon. 

24. The structure according to claim 22, wherein said 
dielectric material is an elastomcrie material. 

25. The structure according to claim 22. wherein said 
second end has a protuberance thereat. 
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